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ABSTRACT 
Well known as a starch producing plant, Metroxylon sagu offer benefits mainly in 
providing food for people in Malaysia especially in the Sarawak area. Apart from that, it 
also has a bright potential in the field of food industry. Due to the importance of sago in 
Malaysia. a molecular study involving cDNA library construction from the leaves was 
carried out. By designing complementary DNA or cDNA, pattern of protein expression 
will be known. Furthennore it may assist more comparative study. In this project, the 
library set up need to accomplish many steps and procedure. Total RNA from leaves was 
successfully extracted and the concentration was detennined. Besides that, first strand of 
cDNA was also able to synthesis through the usage of AMY reverse transcriptase 
enzyme. However, due to time constraint, cDNA library was unable to be set up 
completely. In view of the fact that it only accomplished halfway, further follow up 
research should be conducted. 
Key words: Leaf tissue, AMY reverse transcriptase, cDNA library. 
ABSTRAK 
Metroxylon sagu merupakan pokok yang terkenal dengan kebolehan untuk menghasilkan 
sagu dan seterusnya tersedia sebagai sumber makanan kepada penduduk di Malaysia 
terutamanya sekali di Sarawak Selain daripada itu, sagu juga mempunyai potensi yang 
besar dalam lapangan industri pemakanan. Justeru dari kepentingan sagu di Malaysia, 
kajian molekular melibatkan penghasilan perpustakaan eDNA dari tisu daun telah 
dijalankan. Melalui penghasilan perpustakaan eDNA, bentuk pengekpresan protin akan 
di ketahui. Tambahan Ir:zgi, kajian sebegini juga dapat digunakan untuk kajian yang 
melibatkan perbandingan. Dalam kajian ini, penghasilan perpustakaan perlu melalui 
banyak langkah dan prosedur. RNA total telah berjaya diekstrak dan kepekatannya juga 
leiah ditentukan. Selain daripada itu, rantaian pertama untuk sintesis eDNA juga telah 
berjaya diperoleh melalui tidakbalas enzim reverse transciptase AMV. 
Walaubagaimanapun, oleh kerana faktor masa yang terhad, kajian ini tidak dapat 
diselesaikan dengan sempurna. Memandangkan kajian ini masih belum selesai 
sepenuhnya, kajian susulan sepertinya patut diteruskan. 






Mainly grown on peat soils, Metroxylon sagu or common name sago palm is from 
the family of Pal mae. The plant is probably known to originate from New Guinea and 
Molluccas. In Malaysia, Metroxylon sagu is widely distributed in the area of east­
Malaysia such as Sarawak and Sabah and certain part of peninsular Malaysia (Anon, 
2004). Starch produced by this plant also has been used for centuries by the villagers 
as one of their staple food. Apart from that, sago starch also being commercialized to 
produce commercial and marketable products. In food industry, it is used in the 
production of monosodium glutamate, glucose and custard powder (Danjaji et aI., 
2001). 
There has been great research interest in the synthesis of starch from sago plant 
world wide. For instance, researches that were done by Jong (1995) and Danjanji et 
al., (2001) have truly open up a new way of research involving sago starch 
produ~tion. Yet in UNIMAS, related study involving molecular aspects of sago is still 
at the beginning level. Among the studies that have been conducted were 
investigating the restriction sites that exist in sago plant (Yaman, 2004) and similar 
research that involve cloning elements in the control of sago flower formation 
(Sundaraj, 2004). These types of molecular research are very essentials in designing 
new ways of cloning and thus manipulate the gene. 
Nevertheless, there is still insufficient information through the research handled in 
the molecular aspect of sago plant, especially study in the area of phylogenetic and 
functional gene that involves in production of starch. In view of all the reasons 
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mentioned above, this project that involve the construction of cDNA library from the 
sago leaves is conducted in which to look out for any other important aspect of sago 
plant that can be determined at the molecular level. 
Figure 1: Shows the morphology of the sago 
tree. Melroxyion sagu trees can be found around 
swampy area. 
Theoretically, complementary DNA or cDNA can be defined as synthetic DNA 
that is synthesized from the mRNA strand that works as template with the present of 
reverse transcriptase enzyme. This enzyme is very crucial in reverse transcribing 
mRNA strand to become their complementary strand. It is originally isolated from the 
retroviruses and produced the complementary sequence (Alcamo, 1996). Hence, 
cDNA library means a large collection of cDNA clones that represents all of the 





incorporated in to a vector (Griffiths et al., 1999). Commercially available vector 
used is A. ZAP which is a hybrid of M13 insert that is incorporated into A. vector 
(Walker & Rapley, 1997). 
Nevertheless, there are numbers of significance reasons in constructing cDNA 
library from the leave tissues of Metroxylon sagu. The most important of all, the 
cDNA library is used to indicate towards different pattern of the mRNA expression in 
different parts of the plant organ such as leaves, roots or flower. The differences in 
expressions are due to different parts are expressing different types of proteins in 
order to facilitate their function. Thus, it is crucial in comparing gene activities in 
different cell types of the same organism. In addition, according to Russell (1992), the 
genes are also expressed at different time of their development. 
So, in conjunction with the significance importance of the cDNA, the main 
objective of conducting this study is, to produce a cDNA library represented by 
mature mRNA that is isolated from the leaves of Metroxylon sagu. It is hoped that by 
generating cDNA library, a non-overlapping sequence would be able to be obtain, 
thus manage to express the functional protein from leaf tissue. Apart from that, by 
constructing this library, it can be used to distinguish the gene activities as well as in 





2. LITERATURE REVIEW 
2.1. Sago palm 
For the past 25 years, the interest of sago research has been increased 
significantly including the construction of cDNA library in various part of the 
plant. According to Stanton (1993), mentioned in Flach (1997), this plant have 
number of advantages whereby they are adequate economically, fairly 
sustainable, ecological friendly, exclusively versatile and the most essential 
things are they offer established agro forestry systems. 
Fully-grown in swampy area surroundings, the major area of sago 
cultivation in Malaysia is in Sarawak. The cultivation yield, may reach up to 25 
tonne of starch per hectares (Danjaji et aI., 2001). Yet, sago also offer great 
potential value in economic compared to any other crops. The yield of sago 
towards any other crops such as cassava and maize are 2000-3000kg/HaYr 
rather than 1000kg/HaYr in maize (Stantan, 1992) and 2000kg/HaYr in cassava 
(cited in Ahmad et al., 1999). Sago that encompass of valuable starch is 
obtained by cutting down the tree just before the plant produce their flower 
(Anon, 2004). 
2.2. Sago leaves 
Sago leaves have a simple arrangement of pinnate around their trunk and 
their length could reach from 5 metre to 6 metre in average. Furthermore, their 
young leaves are dark green in colour, and in lanceolate form (Saidin, 1993). 
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Moreover, their canopy was closed by the fifth to sixth year after planting (long, 
1995). Apart from that, the trunk may reach a length of 6 metre to 14 metre in 
heights and 30 cm to 60 cm in diameter, with the ability to produce starch. 
In molecular aspects of leaves, they consist of cell wall that enveloped the 
cell components such as cell membrane and organelles; nucleus, chloroplast and 
mitochondria. So, in order to obtain the RNA, the cell wall must be ruptured 
completely (Nikolausz et al., 2003). 
2.3. Complementary DNA synthesis 
In this project, the synthesis of cDNA begins with the isolation of total RNA 
from the leaves tissues of specific developmental stage. Furthermore, the used 
ofRNA are due to the suitability of mRNAs in the field of genetic engineering 
such as cloning and in vitro manipulation, due to they only code for functional 
protein. 
Total RNA is a single standard molecule that comprises of various complex 
of structure and function of RNA e.g. mRNA, tRNA and rRNA, depend on their 
molecule's origin (Strachan & Read, 1999). They are functionally and 
structurally different, thus result in dissimilar protein synthesis. With these 
features, total RNA also serves as an important starting material in synthesizing 
cDNA (Brazma et a/., 2001). Apart from that, total RNA firstly must undergo 
purification steps whereby only poly (A) mRNAs is used in the synthesis. This 
can be achieved through the usage of chromatography oligo (dT) column. Apart 
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from that, the requirement of purification step is due to the properties of mRNA 
which is heterogenous in molecular weight and only presents in a small 
percentage (1-5%) of the cellular nucleic acids (Walker & Gaastra, 1983). in 
theory, poly (A) mRNA would specifically bind to a complementary strand of 
an oligonucleotide or polynucleotide that attached to solid matrix. In the end, 
the excess components would be eluted with buffer of strong ionic strength that 
result in the disruption of hydrogen bonding 
The next stage is, followed by the synthesis of first cDNA strand using 
reverse transcriptase enzyme (synthesized by retrovirus) with the existence of 
dNTPS (dATP, dCTP, dTTP, and dGTP) as well as oligo (dT) primer. The 
oligo (dT) primer would eventually bind to the poly A of the mRNA strand. In 
addition, the activity of reverse transcriptase would then, result in the fonnation 
of hairpin loop structure. However, this structure must be digested with SI 
nuclease before heteroduplex of cDNA can be produced (Strachan & Read, 
1999). 
Currently, there are two types of reverse transcriptase which are commonly 
used in synthesizing first strand of cDNA. Both of the reverse transcriptases are 
Avian Myeloblastosis Virus (AMV) and Moloney murine leukaemia virus 
(MML V). Each of them has different properties regarding their source of 
origination and reaction condition. AMV is derived from chicks infected with 
AMY virus of from recombinant E. coli which expressing the gene. It is 
effective in the temperature of 42°C with the presence of Mg2+. Moreover, it 
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also has the properties of DNA endonuclease and DNA unwinding activity thus 
becomes the important properties in synthesizing first strand cDNA (Brown, 
1991). 
As for MML V, it is derived from recombinant E. coli that carries the gene 
codes for Moloney murine leukaemia virus. It also shows the similar properties 
with AMY with slightly different in absence of DNA endonuclease and reduced 
exoribonuclease activity. By these properties MMLV offer better performance 
in synthesizing first strand cDNA. In addition, MML V works best in the 
temperature of 3TC. Consequently, in this project, type of reverse transcriptase 
used is Avian Myeloblastosis Virus (AMV) reverse transcriptase from Promega 
(Brown, 1991). 
In order to produce the second strand cDNA, RNase H is used to 
specifically digest the mRNA strand thus operated as a primer for the new DNA 
synthesis. Apart from that, 3' end of single stranded cDNA (hairpin loop) 
molecule also can be used as primer to initiate the synthesis (Strachan & Read, 
1999). 
2.4. Construction of eDNA library 
The generation of cDNA produces blunt ends. Nevertheless, in order to 
assist the insertion of cDNA into vector, Eco RI adapter or linker need to be 
joined at the end of the fragment. Linkers are short, double stranded sequence of 






also bear restriction sites for a particular restriction enzyme within their 
sequence. The similarity among linkers or adapter, they have blunt ends and can 
be joined together at a strong concentration of T4 DNA ligase (Russell, 1992). 
Yet, in this project the chosen of adapter rather than linker is due to the shorten 
steps of using adapters. The usage of linkers must accomplish the Eco RI 
methylation and Eco RI digestion step (Davis et ai., 1994). 
Hence, in all production of recombinant molecules, the most important 
aspect involves the aspect of ligation. T4 DNA ligase would efficiently joint the 
blunt ends as well as cohesive end with different condition of temperature. In 
principle T4 DNA ligase works with the fonnation of phosphodiester bonds 
between the adjacent 5'phosphate and 3' - hydroxyl tenninus in duplex DNA 
(Ausubel et al., 1999). In order to ligate the blunt ends, the optimum 
temperature would be below 30°C with 10 to 100 times more enzyme than 
cohesive ends ligation. As for the cohesive ends, the optimum temperature 
would be at 12°C to 15°C (Ausubel et ai., 1999). In the end, any traces of 
excess adaptors must be removed before they can be ligated in to vector 
2.5. 	 Vector 
With the intention to construct the cDNA library, lambda ZAP was chosen 
as vector in order to bear the clones of cDNA. It fonnedy designs by 
"Stratagene" (Davis et al., 1994). Additionally, lambda phage (A.) have the 
characteristic of both lytic and lysogeny pathway (Ausubel et al., 1999). This 
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vector can accept inserts up to 10kb in length along with six unique cloning 
sites (Sst, Xba I, Spe I, Eco RI, Not I and Xho I) either in infected bacteria or 
induced lysogens (Davis et al., 1994). 
However, in this project, lambda ZAP was infected with E. coli strain so 
that they bear polycloning sites downstream from the E. coli lac Z promoter. 
Regarding to their versatility, ').. ZAP offer higher range of probability of cloning 
sites and expression thus provides simple methods for clone recovery as well as 
replacing the domination of').. gtll and').. gtl0. Genotype of').. ZAP is [').. sbh I').. 
1 ° chi A131 < Tamp Col EI ori lac Z' T3 promoter- polycloning site- T7 
promoter I > sr ').. 3° cIT s857 sr I ').. 4° nin 5 sr I ').. 5° Sam 100]. The series of ').. 
ZAP is ').. ZAPII whereby it comprises of deletion of the Sam 100 region 
(Sambrook et al., 1989). 
Ultimately, there are numbers of advantages and disadvantages offered by 







Allows DNA inserts from 10kbp up 
to 50kbp. 
The presence of multiple cloning sites 
which allows directional cloning. 
The cloning site is included within 
the amino tenninal of the lac Z gene 
(the phage can be a-complemented 
and produce blue colour). 
)( 
)( 
Only involve the fonnation of 
colour selection but non-
biological selection for the vector-
containing insert. 
Need extremely purified probe to 
eliminate plasmid, A phage and 
filamentous phage sequence. 
Table 1: Advantages and disadvantages of lambda vector. 
Any insertion of cDNA with the presence of IPTG and X-gal in the vector 
would disturb the lac Z gene, thus cause the configuration of white colour 
plaques on the plating media, (Davis et al., 1994). However, the efficiency of 
lambda packaging differs between before and after packaging. Before 
packaging, the efficiency approaches to 10%. Once packaged, the efficiency is 
reduced to 1 % only (Ausubel et al., 1999). 
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2.6. Number of clones required to accomplish an accepted cDNA library 
Finally, in order to get successful cDNA library there are certain amount 
needs to be achieved. According to Sambrook et al. (1989), the number of 
clones which are necessary to be constructed in order to achieve complete 
cDNA library must at least 30% of the mRNA sequence. 
The number of clones that required achieving a given probability that allow 
abundance that presented in the cDNA is given by the formula below 
(Sambrook et aI., 1989): 
N = In (l-P) 
In (1-1/n) 
N = Number of recombinants needed 
P = Probability desired 
lin = Fractional proportion of the total mRNA that is represented by a 
single type of rare mRNA 
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3. MATERIALS AND METHODS 
Below (Figure 2) is the simplified flow chart of the methods used to construct the 
eDNA library of the leaf ofMetroxylon sagu. 
Leaves Sample Collection 
Total RNA Extraction 
RNA Visualization 
RNA Quantification 
Construction of cDNA 

First strand cDNA synthesis 

Second strand cDNA synthesis 

"Polish" & phosphorylate blunt ends of cDNA 

Figure 2: A simplified diagram of materials and methods in synthesizing 
flnt strand eDNA. 
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3.1. Sample collection. 
Sample of Sago leaves were collected at the swampy area of Kota 
Samarahan and Kuching. The leaves were preserved in liquid nitrogen and 
stored in -800 C in the laboratory. 
3.2. Total RNA isolation from leaf 
Total RNA was extracted using method used by Hussain (2002). 1.5g of 
sago leaf sample was ground by mortar and pestle in the presence of liquid 
nitrogen, until it becomes powdered. The powdered sample was transferred in 
30ml centrifuge tube. 15ml RNA extraction buffer was added to the sample and 
vortexed. Next, 15ml of phenol/chloroform (1: 1) was also added to the solution 
and vortexed. The extraction by phenol/chloroform was performed three times 
followed by two extractions with 15ml of chloroform. The aqueous solution 
(containing the RNA) was precipitated by addition of 3.3ml 8M LiCI to give a 
final concentration of 2M LiCI for precipitation of RNA. The mixture was then 
incubated overnight at 40 C. 
The next day, the mixture was centrifuged for 30 minutes at 10,000 rpm. 
The RNA pellet was then resuspended in 400~1 of sterile distilled water (dH20). 
The RNA was precipitated again in 1.0ml 100% (v/v) ethanol and 40~1 3M Na 
acetate and incubated on ice for 20 minutes. The precipitate RNA was 
centrifuged at 18,000 rpm for 30 minutes followed by washing twice with 70% 
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(v/v) ethanol. Total RNA was air dried and resuspended in 1 OO~I of TE buffer 
and was stored at -SO°C. 
3.3. Gel electrophoresis 
Gels were prepared by boiling 0.6g agarose in 6ml of lOx T AE buffer and 
54ml of distilled water. Next, the agar was cooled under running tap water to 
50°C to 60°C. The sample in a mixture of 5:1 (5~1 sample: 1~1 of Ix loading 
dye) was run horizontally at 80mA for 2 112 hour in Ix TAE running buffer. Gel 
then, was stained with ethidium bromide for 10 to 15 minutes and distained for 
15 to 20 minutes. Gel then, was visualized under the presence of UV light 
3.4. RNA quantification 
After visualization, the extracted RNA must be quantified with 
spectrophotometer to get the sufficient RNA concentration. Absorbance of 
diluted RNA sample at the wavelengths 260nm (A26o) and 280nm (A2so) was 
measured. By using Ultrospec ® 1100 pro machine with appropriate RNA 
programme, lOJ:LI of RNA sample was diluted in 400~1 of sterile water placed in 
a quartz cuvex. Then, RNA concentration was calculated using specified 
equation: 
Extractable RNA = C x VI 
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Where C is the amount of collected RNA and Vt is the total volume of the 
aqueous phase (Suzuki et ai., 2001). 
3.S. Construction of First Strand eDNA. 
Methods used were based on protocol from Prom ega with few modifications 
by Hwang (2004). 
3.5.1. First strand cDNA synthesis 
The following solutions were added into 1.5ml microcentrifuge tube. 
Total RNA 
Oligo dT (lOIlM) 
DEPCwater 
Solutions were incubated in 70·C for 5 minutes. Then the tube was chilled 
on ice for 5 minutes. Next, the tube was added with following solutions: 
5x Reaction Buffer 
dNTPs (10mM) 
The mixture was incubated in water bath at 42·C for 5 minutes. Next, 3/l1 
AMY reverse transcriptase (Promega) was added to the reaction mixture. 
Then the tube was incubated again for one hour at the same temperature. 
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After that, the tube was incubated at 70·C for 10 minutes. Finally, the 
reaction tubes was chilled on ice and stored at -20·C. 
3.5.2 Second strand cDNA synthesis 
4x second strand buffer was prepared according to: 
1 M Tris-CI, pH 7.4 
1 MMgCI2 
1 M Ammonium Sulphate 
IMKCI 








The 4x strand buffer was combined with: 
Fintstrand 50111 
4x second strand buffer 25111 
lOmM ofeach dNTPs (dATP, dTTP, dGTP, 4111 
dCTP) 
H2O 11 III 
RNase H (lU/pl) 2111 
DNA polymerase I (5U/pl) 8111 
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Then, the mixture was incubated at 14°C for 2 hours. Then the following 
solutions were added and vortexed for 15 seconds, before centrifuging for 2 
minutes. The aqueous phase was removed to another microcentrifuge tube. 
Next, the remaining sample was applied into column. The eluate was 
collected by centrifugation. 50lll TE buffer was added and second eluate 
was collected. The double stranded cDNA was precipitated by adding 1 III of 
tRNA, 20111 3 M sodium acetate, 291ll H20 and 500lli ethanol. 
The mixture was incubated on ice for 15 minutes. Then the mixture was 
spinned at 4°C for 10 minutes and the supernatant was discarded. 500lli of 
80% ethanol was added to the pellet and centrifuged for 2 minutes at 4°C 
and removed the supernatant. Next, the pellet was air-dried. Finally, the 
double stranded cDNA was resuspended in 251ll of H20. 
3.5.3. Polish and phosphorylate blunt ends ofeDNA 
251ll of reaction products were added with the following solution: 
H2O 19111 
DNTPs mix, 10 mM 3III 
lOx T4 polymerase buffer 61ll 
10mMATP Jill 
T4 DNA polymerase 5 Ulpl 21ll 
T4 polynucleotide kinase 2III 
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The solution was incubated for 30 minutes at 37°C. 2111 of 0.5 M EDTA 
pH 8.0 and 70111 of SS-phenollchloroform was added and mixed well. The 
mixture was spinned for 2 minutes and the supernatant was discarded by 1 
volume of chloroform. 
The mixture was mixed and spin for 2 minutes. After centrifugation, the 
supernatant was removed to a new tube. 
The following solution was added and mixed well before putting it on ice 
for 15 minutes: 
H20 
3 M Sodium acetate 
Ethanol 
The solution was centrifuged agam for 15 minutes at 4°C and the 
supernatant was discarded. The pellet was washed with 500111 of 80% 
ethanol followed by centrifuged it for 2 minutes at 4°C. Supernatant was 
removed and the pellet was air-dried. Then, pellet was resuspended in 10111 
ofH20. 
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